INTRODUCTION
Adhesion to host surfaces, such as human epithelial cells, and secretion of hydrolytic enzymes are considered important factors for Candida tropicalis virulence (Negri et al., 2010b; Okawa et al., 2008; Silva et al., 2011; Zaugg et al., 2001) . The capacity of C. tropicalis to adhere to and infect host cells becomes a serious problem when patients are in intensive care units, mainly because this yeast is associated with higher dissemination potential and mortality, particularly in oncological patients (Chakrabarti et al., 2009; Kothavade et al., 2010; Nucci & Colombo, 2007) . In order to clarify the infectivity of Candida species, several in vitro studies have been performed using human cell monolayers from urinary, vaginal and intestinal epithelia (Bendel & Hostetter, 1993; Negri et al., 2010b; Sohn et al., 2006) .
In addition, hydrolytic enzymes such as secreted aspartyl proteinases (Saps) are known to facilitate invasion and colonization of tissues by disrupting the host mucosal membranes and by degrading important immunological and structural defence proteins (Rüchel et al., 1992; Zaugg et al., 2001) . C. tropicalis possesses at least four genes encoding Saps; these are designated SAPT1, SAPT2, SAPT3 and SAPT4 (Zaugg et al., 2001 ).
Since C. tropicalis colonizes specific body sites such as the gastrointestinal and urinary tract and is associated with severe and invasive candidosis (Pfaller, 1992) , it is important to understand the mechanisms of interaction between these epithelia and C. tropicalis. The aim of this work was to study the effect of C. tropicalis colonization of different human epithelial cells and the levels of expression of SAP genes by C. tropicalis when interacting with different human cells.
METHODS
Yeasts and growth conditions. Two strains of C. tropicalis were used in this study, a reference strain from the American Type Culture Collection (ATCC 750) and an isolate (U69) obtained from a urine
The yeast cells were suspended in D-MEM, without phenol red, to a final concentration of 1610 7 yeast ml 21 using a Neubauer chamber (Boeco). Then, 1 ml of this suspension was added to each well of a 24-well plate covered with a confluent layer of a human epithelial cell line. After 2 h incubation at 37 uC under 5 % CO 2 , each well was washed once with PBS to remove unattached yeasts.
C. tropicalis quantification. The adhered yeasts were quantified using the crystal violet (CV) staining method, according to Negri et al. (2010a) . The mean absorbance of yeasts was expressed as the absorbance per area of each well and standardized by the number of adhered yeasts per area of each well using a C. tropicalis standard curve (Negri et al., 2010a, b) . All the procedures were repeated in triplicate in at least three separate assays.
Determination of percentage inhibition of cell activity. After the washing step with PBS, the remaining adhered yeasts were killed by incubating the well plates for 2 h and adding a 1 % amphotericin B (AB) solution (Sigma, USA, 250 mg ml
21
) in D-MEM without phenol red at 37 uC and 5 % CO 2 . The AB solution was then discarded and the epithelial cells' activity was determined using the CellTiter 96 assay (Promega), based on the reduction of MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] with 1 % AB in D-MEM without phenol red. MTS is bioreduced by human epithelial cells into a formazan product that is soluble in tissueculture medium. After 2 h incubation at 37 uC in the dark, the absorbance of the formazan was measured at 490 nm. A control was performed by measuring the cellular activity of human cells grown in the same conditions but in the absence of yeast cells. All experiments were performed in triplicate.
Analysis of SAP gene expression RNA extraction. Prior to RNA extraction, the adhered yeasts were removed with 500 ml lysis buffer (Invitrogen) and transferred to screw-cap tubes (Bioplastics). Then glass beads (0.5 mm diameter, approximately 500 ml) were added and the tubes were homogenized twice for 30 s, using a Mini-BeadBeater-8 (Stratech Scientific). After disruption of the yeast cells, the PureLink RNA Mini kit (Invitrogen) was used for total RNA extraction according to the manufacturer's recommended protocol. To avoid potential DNA contamination the samples were treated with RNase-free DNase I (Invitrogen).
Primers. The primers used for real-time PCR (RT-PCR) were described by Silva et al. (2011) and their sequences are listed in Table 1 .
Synthesis of cDNA. To synthesize the complementary DNA (cDNA) the iScript cDNA Synthesis kit (Bio-Rad) was used according to the manufacturer's instructions. For each sample 10 ml extracted RNA was used.
Real-time PCR. Real-time PCR (CF X96 Real-Time PCR System; BioRad) was used to determine the relative levels of SAPT1-4 mRNA transcripts, with actin 1 (ACT1) as a reference housekeeping gene. Each reaction mixture consisted of a working concentration of SsoFast EvaGreen Supermix (Bio-Rad), 300 nM forward and reverse primer, and 1 ml cDNA, in a final reaction volume of 20 ml. Negative controls (water) were included in each run. The relative quantification of SAPT1-4 gene expression was performed by the DC t method. Each reaction was performed in triplicate and mean values of relative expression were determined for each SAP gene.
Statistical analysis. The results obtained were analysed using the SPSS 18 (Statistical Package for the Social Sciences) program. Oneway ANOVA with the Bonferroni test was used to compare the number of yeasts adhering to epithelial cells, and cell activity and damage. All tests were performed with a confidence level of 95 %. All the experiments were performed in triplicate and in three independent assays.
RESULTS
The cellular activity and the degree of cell damage as a result of the interaction of C. tropicalis with the different human epithelial cell lines (TCC-SUP, HeLa and Caco-2) are presented in Table 2 ; the results for SAPT1-4 gene expression are presented in Table 3 . In general, the C. tropicalis strains were able to adhere to the different epithelial cells and to cause a certain degree of cell damage and activity reduction. Moreover SAP genes were also expressed during epithelium colonization. However, these parameters were dependent on the yeast strain and on the epithelial cell line.
Curiously, strain U69, which is a clinical isolate from urine, adhered in significantly higher numbers (2.45610 6 yeasts cm
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) to intestinal cells (Caco-2) than to urinary cells (TCC-SUP) (Fig. 1) . In addition, this isolate induced a greater reduction in the cellular activity of intestinal cells than of urinary cells and showed the highest levels of SAPT1-3 gene expression (0.04, 0.03 and 6.52, respectively) when interacting with these cells. However, when in contact with urinary cells, strain U69 induced a greater percentage of cell damage (14.24 %) and a higher expression of SAPT4 (0.11) than when in contact with the other cell lines. The interaction of this urinary isolate with cervical cells (HeLa) resulted in low levels of both inhibition of cellular activity (4.81 %) and cell damage (1.56 %), and this strain expressed only SAPT3. ) to a similar extent (P.0.05). Concerning the cellular response caused by this strain, the highest inhibition of cellular activity occurred in Caco-2 cells (50.27 %); the degree of cell damage (13.79 %) and expression of SAPT3 and 4 genes (9.71 and 0.49, respectively) were also highest for ATCC 750 when interacting with this line. HeLa cells showed less cellular response to the reference strain but higher expression of SAPT1 and 2 (0.06 and 0.05, respectively).
It is important to highlight that both C. tropicalis strains affected HeLa cells to a lower extent than the other cell lines, causing low inhibition of cell activity and cell damage. SAPT3 was the gene that exhibited the highest level of expression.
DISCUSSION
C. tropicalis is an opportunistic human pathogen, which colonizes several anatomical sites, including skin and the gastrointestinal and genito-urinary tracts (Biasoli et al., 2002; Oksuz et al., 2007) . Colonization by C. tropicalis, especially from specific body sites such as the gastrointestinal and urinary tracts, is associated with a high risk of development of infection (Pfaller, 1992) . Several virulence factors seem to be responsible for C. tropicalis infections, which have high potential for dissemination, invasion and lethality (Krcmery & Barnes, 2002; Okawa et al., 2008) ; these include the ability to adhere to human cells and to secrete enzymes such as proteases (Galán-Ladero et al., 2010; Negri et al., 2010b; Zaugg et al., 2001) . Table 2 . Activity inhibition and damage of human cells evaluated by MTS and LDH, respectively, after C. tropicalis adhesion to three human cell lines
The P-value obtained from the comparison between the two strains is also presented. All values are means±SD.
Cell line
Percentage inhibition of cell activity (±SD) Percentage cell damage (±SD) Several studies have been performed to clarify the behaviour of Candida species in the adhesion process, colonization and infection using human cell lines as a study model for Candida pathogenesis ex vivo (Bendel, 2003; Negri et al., 2010b; Pacheco et al., 2007; Saegusa et al., 2007; Sohn et al., 2006) . However, compared to Candida albicans, only a few investigations have been performed to assess the virulence of C. tropicalis, particularly in the presence of different human cell lines. Thus, the major goal of the present study was to investigate, ex vivo, the potential of C. tropicalis to colonize and damage urinary, vaginal and intestinal epithelium. Therefore, three different cell lines were used: one from human bladder (TCC-SUP), one from human cervical carcinoma (HeLa), and one from human colorectal adenocarcinoma (Caco-2). These cell lines are very often used to study, in vitro, mechanisms of interaction between Candida and the gastrointestinal and genito-urinary tracts (Bendel & Hostetter, 1993; Negri et al., 2010a, b; Sohn et al., 2006) .
In the present study, and corroborating other authors, C. tropicalis yeasts were able to adhere to and to damage all three epithelial cell lines used (Bendel & Hostetter, 1993; Negri et al., 2010a; Saegusa et al., 2007) . Furthermore C. tropicalis showed a range of expression profiles of SAP genes (Silva et al., 2011; Zaugg et al., 2001) , although in a strain-and cell-line-dependent manner (Negri et al., 2010b; Okawa et al., 2008) . In previous studies, C. tropicalis strains have shown different behaviours in their ability to invade human tissue, with dramatic histopathological tissue alteration (Jayatilake et al., 2006; Okawa et al., 2008; Saegusa et al., 2007; Silva et al., 2011) .
Comparing our results with other studies (Bendel, 2003; Negri et al., 2010b; Silva et al., 2011) , shows that Candida species do not adhere to the same extent to the different types of mucosal cells, and also that there is not a strong correlation between the ability to adhere to a particular type of epithelial cells and the tissue site from which the yeast was isolated. It is important to highlight that the two strains used in this study, U69 and the reference strain, are from different clinical specimens and showed different infectivities. Strain U69 is a clinical isolate from a urine sample of a female patient from an oncology unit; the reference strain, ATCC 750, is a clinical isolate from a patient with bronchomycosis. Interestingly, strain U69 adhered to a higher extent to Caco-2 cells than to the other human cells and the reference strain adhered in similar extents to the different cell lines; curiously, it adhered in higher number to the urinary cell line TCC-SUP than did strain U69 (Fig. 1) . Sohn et al. (2006) reported that the interaction of C. albicans with Caco-2 cells is distinct from the interaction with an epidermoid vulvo-vaginal cell line (A-431) and these authors suggested that this fact can be related to epithelial cells' morphology and molecular events occurring during adhesion. Furthermore, in a previous study with the same strains (Negri et al., 2010b) , it was confirmed that C. tropicalis isolate U69 adhered to the TCC-SUP cell line in lower numbers than the reference strain.
The cellular response to C. tropicalis adhesion was also studied, and interestingly both cell activity and integrity were affected. Although there is no direct correlation between inhibition of cell activity and cell damage, it was noticed ( Table 2 ) that when cell inhibition was significantly high, cell damage was also more severe. To the authors' knowledge previous studies have only evaluated cell damage (by LDH measurement) or cell activity inhibition but never both approaches. Pacheco et al. (2007) showed that Candida famata caused a low inhibition of cell activity after 2 h of contact, in contrast to C. tropicalis strains adhered to Caco-2 cells, which showed high inhibition of cell activity. Opportunistic pathogenic yeasts, such as C. tropicalis, are able to promote cellular immune response and progressive cell damage during infection (Okawa et al., 2008; Saegusa et al., 2007; Silva et al., 2011) . Moreover, Silva et al. (2011) demonstrated that C. tropicalis strains were able to cause significant tissue damage, measured by LDH release, after long periods of yeast contact with cells (12-24 h). Unfortunately, there are few studies regarding the effect of Candida species on the activity of human cells. Therefore, the present study is a step forward for the understanding of C. tropicalis pathogenesis.
Among the three cell lines, the lowest damage was observed in HeLa cells, highlighting that cell damage is dependent on the cell line. According to Sohn et al. (2006) C. albicans adhesion to epidermoid vulvo-vaginal cells seemed to occur more slowly than adhesion to Caco-2 cells and hyphal penetration into monolayers of the cell lines started after 4 h, leading to damage of the cellular substrate and marking the beginning of the tissue invasion phase. Injury of host cells by Candida has been described as a complex mechanism of interaction between yeasts and host cells (Filler & Sheppard, 2006; Silva et al., 2011; Sohn et al., 2006) . However, this is mainly related to the time of infection, morphogenesis of Candida, morphology of host cells, and production of hydrolytic enzymes.
C. tropicalis adhesion to the epithelial cells also affected SAP gene expression. During the process of adhesion and invasion of host tissues, Candida species are known to secrete hydrolytic enzymes that damage the host cells' membrane integrity, leading to dysfunction or disruption of host structures (Zaugg et al., 2001) . Furthermore, the expression of SAP genes by C. tropicalis has also been demonstrated during penetration of tissues, and evading macrophages after phagocytosis of yeast cells (Monod et al., 2002; Togni et al., 1991; Zaugg et al., 2001) .
In this study, Caco-2 cells showed the highest inhibition of activity when in contact with each of the tested strains (Table 2) , and strain U69 and the reference strain expressed the highest levels of SAPT1-3 and SAPT3-4, respectively, when interacting with these cells (Table 3) . However, strain U69 in contact with TCC-SUP cells promoted a greater percentage of cell damage and a higher expression of SAPT4 and the same happened with the reference strain when in contact with Caco-2 cells. Studies with C. albicans indicate that each SAP gene may be related to the yeast form and to a specific function (Monod et al., 2002; Naglik et al., 2003; Silva et al., 2011; Yang, 2003; Zaugg et al., 2001) . Recent data for C. albicans indicated that SAP1-SAP3 genes are expressed by yeast cells only and contribute to the adhesion to human cells and tissue damage, whereas C. albicans SAP4 expression is confined to hyphae, and has been further implicated in systemic infection and in the evasion of phagocytosis (Yang, 2003) .
Among the SAP genes, SAPT3 showed the highest level of expression for both strains (Table 3) . Silva et al. (2011) studied the expression profiles of SAP genes for seven C. tropicalis strains in contact with reconstituted human oral epithelium and also determined the expression of the four genes, but SAPT2 and SAPT4 transcripts were detected to a similar extent to SAPT3. This difference in results may be related to the epithelium type and also to the different C. tropicalis strains studied. In the present case, the SAP gene expression was strain and human cell line dependent.
It is important to highlight that only a few studies (Silva et al., 2011; Zaugg et al., 2001 ) have reported C. tropicalis SAPT gene expression during adhesion to human cells and there is also limited knowledge about the role of these enzymes in C. tropicalis adhesion and tissue damage.
In summary, this study shows that C. tropicalis is able to adhere to different human cells, influencing their response in a manner dependent on cell type and yeast strain. Our results also stress the importance of using more than one methodology to assess cell injury caused by Candida species. Cell damage and activity caused by C. tropicalis seem to be related to the expression of different SAP genes. As a preliminary study, this work only explored a short period of contact between yeasts and epithelial cells; more studies, including longer contact times, would be of interest, as would the inclusion of different clinical isolates. Greater knowledge of the response of human cells to Candida stimuli could help in the development of new therapeutic strategies.
